Public, EU and corporate R&D expenditure and trends in patents are all used as indicators of the maturity and competitiveness of an industry or technological field, and are thus monitored as key indicators of progress towards policy objectives set for each low carbon energy technology (European Commission, 2015). Even though there is a clear need to gain insight on corporate R&D investments, in view of the central role of industry in carrying out and financing innovation in the energy sector, few studies have addressed the issue. This can be attributed to both a lack of interest and a mandate to do so, but more importantly to the lack of appropriate and readily accessible information sources.
A number of limitations and concerns on data availability and quality have to be overcome in order to construct these innovation indicators and derive meaningful insights both on the impact of the support the technology has received and on the design of future policy mechanisms. Companies may be reluctant to disclose figures and topics of R&D spending since it could give away strategic choices (Lantz and Sahut, 2005) . Even when there is an obligation to publish financial statements, the reporting does not allow for the level of technological detail needed especially when companies invest in multiple sectors (Wiesenthal et al., 2012; Borup et al., 2013; Breyer et al., 2013) .
Recognising the need of policy makers and other stakeholders for reliable, consolidated information that describes both the trends in technology and the capacity developing in different markets, this work focuses on constructing coherent sets of data on the evolution of patenting trends, R&D investment support and the geographical distribution of prominent players in an effort to represent the research and innovation landscape in CCS. The focus for R&D investment support is primarily Europe, where the overlap between major research projects and patenting areas and actors is investigated based on data for EC funded research projects. However, a trend in patenting activity and the mapping of relevant entities is also extended to all major international competitors.
The methodology is based on Wiesenthal et al. (2012) , which has been revised and extended to derive more extensive coherent data from patent statistics. It acknowledges the relationship between patent activity and R&D expenditure in general (Schmookler, 1966; Griliches, 1984; Griliches, 1990) and as it has been specifically demonstrated for energy technology R&D (Margolis and Kammen, 1999; Herzog and Kammen, 2002; Popp, 2005) .
It has been estimated that in the recent past the EU has provided a third of the global public funding dedicated to R&D, among the major international investors in CCS. Norway, the US and Japan are also major investors. Two thirds of the public investments in the EU were through R&D funding mechanisms at European level, mainly the European Commission Framework Programmes and the European Energy Programme for Recovery (EEPR); the rest was contributed by individual Member States through national research funds. Figure 1 shows the estimated annual disbursement of funds from R&D EU funding mechanisms totalling approximately EUR 1300 million. This sector attracted more research oriented organisations than private companies. Nonetheless, in the period 2007-2013, the total of 490 participants included 66 SMEs from 24 countries, which received more than EUR 20 million of Community funds. Figure 2 shows the funds allocated to CCS R&D at country level both from public/national and corporate resources. Overall, investments have been shared between corporations and national funding bodies; however, the ratio varies significantly between countries, reflecting national policies and industrial priorities. The level of investment from industry is based on published information, supplemented by observations of participation in publicly co-funded R&D projects and patenting activity. A contrast of the R&D investment from public and private sources with other macroeconomic variables allows for a "ranking" of the R&D effort in terms of balance between actors and the state of the economy in general as seen in Figure 3 .
Overall, the number of patent families 1 in the area of capture, transport and storage of greenhouse gases has tripled between 2005 and 2011. The three main groups of technologies prominent in patenting trends are chemical separation, absorption (inventions tripled in both) and capture by adsorption (inventions more than doubled). The share of each of the CCS technology options in the patent data is shown in Figure 4 . These can be contrasted with the main areas of research and the entities involved in major publicly funded research activities through the European Union's Framework Programmes to investigate the alignment of activities and strengthening of the industry by funding provided through early support in emerging technologies in the area of CCS. Figure 5 shows the distribution of patenting activity and the actors involved, attributed to the country of the applicant; each applicant receives an equal share of the invention. The trends are consistent with the observation of R&D investments; however, as stated by Ernst (1998) , more R&D does not necessarily result in more patents, but more R&D does lead to a higher patent quality.
The trends in R&D investment, patenting and levels of public funding support are also to be compared with those developing in parallel in other low carbon energy technologies, which can be seen as complementary or competing with developments in the field of CCS. The latest complete figures show that, at European level, the R&D investment in CCS was comparable to that received by Solar Energy technologies and just over half of that dedicated to energy storage R&D. However, the funding sources were significantly different reflecting the difference in technology maturity and risk; public funding has a significant role in CCS R&D, whereas energy storage research funding is almost entirely corporate. 
